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ABSTRACT 
'l'he potenti a l of • Barsoy · barley (Hordeum Vulgare L.) 
as a silage crop was studied at {~estern Kentucky University 
Barley was seeded at the rate of 107.5 kg/ha in a Pembroke 
in 1970-197l. ~'he field study was Conducte d at two locations. 
silt loam soil at both locations in September , 1970. At the 
t ime of Planting the soil Was fertilized with 7.5, 32 . 4 and 
33 . 1 kg/ha of nitroge n, Phosphorus , and posassium , r e s pec_ 
tively . Plants at Location 2 receive d a n a dditional 23.7 
kg/ha of nitrogen in Fe bruary , 1971. 
Whole barley plants were harveste d at Weekly intervals 
f rom March II through June 3 at LOcat i on 1 and from April 22 
throug h June 3 at 
dry matter Yie ld, 
Loc1 ion 2. 
chemical 
Based uPO n th e result ~ ( o r 
compoSit ion , a nd dry matter per -
c en t age , t he dOUgh stage of maturity "'as f ound to b e the 
most d esirable stage f or e n s iling barley plants . At this 
he c ta r e for Locatio~s 1 a nd 2, r espective l y . Dry matter stage dry matter yie lds were 5.4 and 1 2 .4 metr i c tons per 
perce ntages '.;ere 12.5 for plants a t Location 1 a nd 33 . 0 fo r 
a sh 7.l. Chemica l composition perce ntages fo r plants a t 
28.8, n itrogen f ree ex tract 5 4.7 , ether e xtra ct 1.1, a nd 
p l ant s at Location 1. \-;e re : crude protein 8. 1 , crude fi ber 
plan ts at LOcation 2 . Chemi c a l composition percentageG fo r 
iv 
Location 2 were: crude protein 11 . 5, crude fiber 33. 8, 
nitrogen free extract 47.0, ether extract 0.5, and ash 7 .2 . 
v 
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CHAPTER I 
INTRODUCTION 
The use of silage in Kentucky has more than doubled in 
recent years (2) . Suitability of a crop for silage depends 
on its yield and nutritive content. Corn and small grains 
offe r t he most promise as sil a ge crops (10). A vast amount 
~f research on corn silage has been reporte d . Although a 
considerable amount of research has been don e on the poten-
tial of s mall grains as silage crops, most o f the r e ported 
studies have involved oats and wheat . 
Since t he forage yields of barley tend to be lower than 
those o f other small grains , only a limited number of eval-
ua tions o f barley as a silage crop have been made . Due to 
the g e ne ral i ncrease o f jnte res t silage a nd to the greater 
unde r stand ing of the importance o f the g rain content of 
silage , the suitability of bar l ey as a silage crop nee~s 
f urther i nvestigation. 
It has been suggested t hat wheat and oats be harvested 
i n the l a t e boot stage a nd barle y be harveste d in the doug h 
stage (10 , 1 1 ) . Plants a t these s tages r eportedly produce 
t he best balance of yield and quality . 
The purpose of this inves tigation was to determine 
yield per un i t area and che mical composition of the resulting 
I 
silage of barley plants sampled at weekly intervals during 
the spring growing season. 
CHAP'l'ER I I 
REVIEN OF LITERATURE 
The use of silage has increase d steadily in recent years . 
McCullough (10) r eporte d that silage utilization in the south-
eastern united States increased by 375 percent during the pe-
riod of 1949 to 1965. In Kentucky the u se of silage doubled 
between 1962 and 1968 (2). Although many crops have been 
used for silage , McCullough (10) stated t hat corn and small 
grains offer the most promise as silage crops. 
Corn silage 
Corn i s the major crop us ed for s i lage . Lassiter e t 
a l . (8 ) r e ported that corn silage harvested in the e arly 
dent stage ha d an average of 65.4 percent TDN o n a dry mat-
ter basis . More recent ,york ha s indicated tha t the highest 
feed i ng va lue for cor n si lage could be obtained by harves t-
ing at the hard d e nt stage . At this stage of maturity the 
dry matte r pe rcent age of the corn s~lage ranged from 30 -35 
percent (10 ) . It is gene r a lly k nown t ha t corn si l age is 
d ef ic ient in prote i n , ca l c ium , and pho s phoru s . I,he n prop-
e r l y s uppl eme nte d co r ll si1 age c un s e r ve as d w s ole r o ughage 
fo r dairy cattle (4, 1.6). Thomas et al . (1.6) fed corn si-
lag e to dairy cows for three succe ssive l a c tat ions and found 
3 
that normal levels of milk prOduction , reproduction, and 
health we r e maintained. Hemken and Vandersall (7) fou nd 
tha t whe n cows " e r e f e d corn s ilage as the sOle f orage ma -
terial, the y gave birth to calves with gOiters . The cows 
that had produce d calve s with gOiters also han retained pla -
c e ntas . Thi s work wa s done in Maryland which is not con-
Sidered to be an i od i ne deficient area. Hemken and Vander_ 
sa Il Concluded that whe n corn s ilage is produced under con-
ditions Similar to those in Maryland , the silage should be 
SUPPlemented with iOdine in orde r to prevent the occurrence 
of goitert and retained Placentas . 
Qat Silage 
LaSSite r et al . (8) repOrted that oat Silage harve~ted 
i n t he early dough s t a ge had an a verage TDN of 64.1 percent 
on a dry mat ter bas is . Th e ir milk produc tion d a t a i nd icated 
that whe n oat Sila g e ,; upplie d 6 3 pe rce n t o f t he to tal r o ugh-
a ge i ntake it wa s sUperio r i n feeding v a l ue to corn Silage . 
'''he n oat Si lage Supplie d more than 77 perce nt of rOughage 
intake , c o ws produce d Significantly less 4 p e rcent fat cor-
r e cted milk than "'hen fed comparable 3.mounts of corn silage . 
COI.
S 
cons umed l ess ro ug hage dry ma tte r whe n fed o a t silage 
than '·,he n fed c e rn s ilage . 
I1cCUllo
ugh 
(10) found t hat the best qu a li ty oat s i lage 
could be made from oat vlan ts in tile late boot o t age of 
growth . Th e da t a p r esente d by Stallcup a nd Horton (14) 
showe d tha t oats narvested i n the milk stage c Ontaine d the 
4 
highe st nutritive value . Brundage (3) reported that cattle 
consume d significantly more oat-pea silage I,hen harvested 
i n the early head stage than in the late milk or soft dough 
stages. He also found that cows produced significantly 
greater amounts of fa t correc ted milk from the silage har-
veste d at the early head stage than when harvested at the 
la te milk or soft dOUgh stages. Although t he silage wa s an 
oat-pea mix ture, the crude protein level wa s considerably 
higher I'/he n the mixture was harvested at the early head 
stage of maturity than when harvested at the late milk or 
soft dough stage . Lassite r e t al. (8) reported that silage 
made from oats in the early dough stage cOntained 10.8 to 
12.1 perce nt crude protein and 25 . 8 to 30 . 9 p e rce nt crude 
fiber. 
IYheat Silage 
MCCUllough and Si sk (11) studied whea t silages made from 
pla nts in the early head, full bloom, and dough stages of 
growth and found that intake o f the si lages decreased a s 
stage of maturity increa s e d. silages made from plants at 
t h e earl ier stages of ma tur ity were characterized b y higher 
crude protein a nd l ower crude f iber t han p lants a t l a t e r 
stages of maturi t y. The digest i bility of the dry matter de-
crease d as sta ge of ma turity incre ased . 
Ba r ley Silac;e 
Barle y is becomi ng one of the highest yielding small 
grains (1 3 ). Since barley matures eaJ.;,lier t han I'heat or 
5 
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oats it can be harve sted for silage earlier in the spring 
pern~i tting the land to be used for other crops in the summer . 
In though Ivilkins , Osbourn, and Tayler (17) reported 
that barley silage was an inferior feed for cattle and sheep, 
Polan et a l. (13) found that barley silage harvested in the 
soft dough stage of maturity was similar to corn silage in 
crude protein and energy content. In a later study Po lan 
et al . (12) found that the dry matter digestibility of bar-
ley silage was about 45 percent. Ivea ther condi tions pre-
vented the barley from being harvested until after the soft 
dough stage of maturity. This increase in maturity was be-
lieved to be responsible for lowered silage intake and di-
gestibility. In the original study ?y Polan et al. (13), 
barley ensi led at bloom , milk, and dough stages was eVal-
uated as the sole forage for lactating CO>IS. When cows were 
fed an 18 p e rce nt prote in concentrate and o f fered silage ad 
libi tum, milk production was similar among groups l"" .'.::-esenting 
three stages of maturity. 
Plants of different barley varieties apparently do not 
di ffer significantly in chemical composition of whole plants 
(6, 12) . In the study b y Polan et al. (13) , three stage s of 
maturity 've r e in'le stigated: bloorr. , milk , a nd dough. The 
dry matter pe rce n tages we r e 22 . 0 , 36.3 , a na 46.6 pe rce nt for 
the bloom, milk , and d o ugh ~tages , re PLcti ve ly. The d ry 
matte r y ields Incre a sea si~nificantly Letwe en b l oom and 
milk stages only . Du e t o he ad development , crude f iber de-
creased from 31.1 to 27.8 pe r cent, nitrogen fre e extract 
inc reas e d f rom 49 . 2 to 55 . 1 percent, and protein r emained 
relatively ~n =hanged as the pla nts advanced in maturity from 
t h e bloom to dough stage. 
Edwards , Donaldson , and HacGregor (6) and Hac Gregor a nd 
Edwards (8 ) r eporte d on the influe nce of s tage of growth on 
the che mical composition of whole barley plants. As the 
p l ants advanced in maturity from heading to mature seed, 
the dry matter content increase d from about 20 to about 43 
percent, crude protein percentage s d e creased from 10.3 t o 
6. 6 , c r ude fiber percentages decre a sed from 31 . 3 to 25 .4, 
nitroge n free e xtract perce ntage increased from 49.0 to 63 .2, 
and ash d ecr eased from 7 . 5 to 3 . 5 percent. The digestibility 
of the dry matter for silages made from barley plan ts at the 
milk ripe stage averaged 51 . 6 percent . According to Polan 
et a l. (12) barley harvested at the sof t dough s tage o f 
maturity exceeds 30 percen t dry matter and direct harvest ' ng 
procedures may be use d . If harvested at earlier stages Wll<!n 
the dry matter conte nt is l ower , the p l ant materia l s hould 
be wiltcd before being e nsile d . If plants are harvested 
after th e soft dough stage , digestibility is lowe red. Mac-
Gregor a nd Edwards (9) sta t ed that who l e b a rley pla nts con-
ta ined sufficient amounts of water and s oluble carbohydrates 
to support adequate lactic a cid fermen t at i on durin g e nsiling . 
Edwards et a 1. (6) rcport c C: a pH of 5 . 8 for I'Iholc barle y 
pl.ants and pH values o f 3 . 9 and 4.0 f or silages made f rom 
these plants . 
CHAPTER III 
11ATERIALS AND NETHODS 
Field Studies 
Location .!.--This study was conducted on the Nestern 
Kentucky University Farm. 'Barsoy' barley (Hordeum vulgare 
L.) was seeded at the rate of 107 . 5 kg/ha in September of 
1970. The soil, a Pembroke silt loam, was fertilized prior 
to planting with 7.8, 32.4, and 33.1 kg/ha of nitrogen, 
phosphorus, and potassium, respectively . Barley plants 'Iere 
sampled at weekly intervals from March 11 to June 3. Each 
week plants from at leas t two I-square me ter randomly lo-
cated plots I';ere clipped at approximately 3 cm above the 
soil s urface . The plant material from each 0 L was weighed 
and chopped i nto I to 2 cm lengths . I~isture content of 
the chopped plan t material was determined by the toluene 
distillation method (1). When the dry matter content was 
l es s than 32 percent, the ch0pped plant material was spread 
on top of a laborator y tab l e and permit t ed to >Iilt to a p-
proximate l y 35 pe ~r.e nt dry matter . As the barley approached 
maturity t h e ~ry matter c on tent increased to approximately 
60 percent. Dur ing thi s time sufficie nt Ivate r "'as added to 
the plant material to bring th e material to 35 perce nt dry 
matter . All plant material was ensiled l'lithin a range of 32 
to 38 percent dry matter. 
The choppe d plant material was packed in a 1.9 liter 
glass container (expe rimental silo) which was fitted with an 
air-tight cove r . A 6 mm copper tube exte nde d through the 
cove r. The exte rnal e nd of the coppe r tube wa s fitted with 
a plastic tube which could be closed with a clamp. For a 
period of s e ve n days after filling the silo the tube was 
l e ft open to pe rmit gase s to escape . Two silos were filled 
at e a c h s ampling date . The silages we re permitted to fer-
ment for at l east 120 days before being analyzed chemically . 
Location ?--This study was conducted on the Britt Farm 
which is loc ate d about one kilometer from the Weste rn Ken-
tucky Unive rsity Farm (Location 1). The soil was a Pembroke 
silt loam. Fertilization of the soil was similar to that 
of the University Farm study except that an add i t i onal ~3.7 
kg/ ha of n i trogen was a dde d in l a t e Fe bruar y , 1971. Barley 
pla nts "'er e s ampled at wee kly inte r vals f rom Apr i l 22 until 
June 3. Other aspe c t s o f t he two stud i es 2 re similar . 
Labora tory Analyse s 
Dry Matter--A s ample consisting of 100 g was taken f r om 
each si lo and p l a c e d in ap o ven a t 1000C for 48 hours . A 
dry matter p e rce ntage was de t ermine d f o r the s ilage of each 
s ilo. Thi s dri c d materi a l was used i n the prox i mate ana lysis. 
Pr oximate l na l y s is--Totdl ni trogen , ethe r e x tract , crud e 
Eibe r , n i t rogen free e x t r act, and a s h ,,"c r e deter mine d by 
the proxima t e a na lys is proce d ures a s o utl i ne d b y the Associ-
a tion of Of f icia l Agr i culture Chemist s (1). The crude 
protein equivalent was obtained by multiplying total nitro-
gen by 6.25. All results of the proximate analysis were re-
ported on a dry 'veight basis . 
Caloric Content--The total caloric content of the si-
lage was determined using a Parr Adiabatic Bomb Calorimeter. 
Oven dried samples were ground in a Hiley Mill and pelleted 
by uSing a Parr Pellet Press. The pellets were ignited i n 
a Bomb Calorimeter and the dissipated energy was measured. 
Calor ic content was reported on an ash free , dry weight 
basis . 
pH- - Twenty five grams of silage were mixed 'vith 50 ml 
of distilled 'vate r and placed on a laboratory shaker for 
approximately five mi nutes. The mixtures were allowed to 
remain for thirty minutes. The supe rnatant was collected 
and analyzed with a Sargent-'lelsh p H me t e r. 
S t atistical Analyses 
The data were analyzed as a compl e tely random design 
with a neste d classification as described in Steel and Tor-
ri e (15). Forage y ield da ta were b3s e d on a minimum of two 
r e plications at each harve st da te. Chemic a l analys e s were 
ba s e d upon three dete r mina tions per s ilo . Duncan's Mu ltiple 
Ran ge Tes t (15) waH u s e d t o sepa rate mea n s a t the 0.05 and 
0.0 1 l eve l s o f probability . 
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CHIIPTER IV 
RESULTS liND DISCUSSION 
Yield 
Yield data for Location 1 (Western Kentucky University 
Farm ) and Location 2 (Britt Farm) are g iven in Tables land 
2, and are prese nted graphically in Fig . 1. At Location 1 
the dry matter yields for the first harvest were approxi -
mately two metric tons/ha , and fluctuated around this level 
until the week following April 29 . At this time the heads 
began to fill and the yie ld generally increased until the 
seeds mature d. The maximum yield for plants at Location 1 
was approximately 7.7 metri c tons/ha. 
About mid April the barley plants aL J cation 1 d e vel-
oped a yello w gree n color ancl appeared to be g rOldng slowly . 
These symptoms were diagnosed as r esulting from a nitroge n 
deficiency . A check of r e cords showed that the barley plants 
had not received the addi~ional 23.7 kg/ha o f nitroge n in 
early spring . It wa s decided to incorporate barley f r om 
Location 2 into the stucl y s ince t he se plants had received 
the spri~g a pplication o f n itrogen . Dry mat t er y ields of 
the plants at Loca tion 2 a v e raged 6.9 me tric tons/ha at the 
first harvest date (,rable 2 and Fig . 1). A maximum yield 
of 12.5 P.letric t ons/h a I'las r.eached at t he ma ture seed stage . 
11 
Tahle 1. l1arvp ~ r rl.::.t-o~ 
stages o f ma turity , dry matter yields , and dry matter 
barley plants at Location 1 . 
Harvest Stage of Dry matter % Yield date s maturity at harvest metric tons/ha* 
3-11 vegetative 35.7 2.0 e 
3- 18 vegetative 33.0 2.1 e 
3-25 vegetative 32.6 2.4 de 
4- 2 vegetat ive 22 . 6 1. 8 e 
4- 8 vegetative 29.0 2.7 de 
4-15 boot 23.0 2.4 de 
4-2 2 early head 25 . 0 2.9 cde 
4-2 9 milk 18 . 0 2.4 de 
5- 6 soft dough 28.0 4.3 bc 
5- 14 dough 32.5 5.4 b 
5-20 soft seed 37 . 0 3.9 cd 
5- 27 soft seed 4 8 . 0 5.6 b 
6- 3 matur e seed 62.0 7.7 a 
*Averages followed by the s ame letter are not significantly different at the 0.05 leve l of probability. 
f-' 
IV 
Table 2. 
Harvest 
date s 
4-22 
4-29 
5 - 6 
5-14 
5-2 0 
5- 27 
6- 3 
stages of maturity, dry matter yields, and dry matter 
barley olants at Location 2. 
Stage of Dry matter % Yield maturity at harvest 
metric tons/ha* 
late boot 12.0 6.9 bc 
head 18.0 6.4 c 
milk 20.0 5 .8 c 
soft dough 25.0 9.3 b 
dough 33 . 0 12 .4 a 
soft seed 49 . 0 9.5 b 
mature se€d 59.0 12.5 a 
\ *Averages f ollowed by the same letter are not significantly different at the 0.0 5 level of probability. 
.... 
w 
It! 
.c 
'-U) 
z 
0 
8 
u 
H 
<>: 
8 
~ 
0 
~ , 12 
, I , I I , 
I I I \ I I \ I I \ I I 
\ I 10 I \ I I I 
I I I 
I 1!"Location 
I 
I 
, 
8 I 
, 
I 
, 
, 
, 
, 6 , 
4 
, , 
' .' 
..... ex:> U") N ex:> U") N 
'" '" 
..,. 0 r-
'" 
..... ..... N 
..... N N 
..... N 
'" 
I I I I I I I I I I I I 
,.., 
""' 
,.., ..,. ..,. ..,. 
<1' ..,. U") 
'" 
U") U") 
'" 
HARVEST DATES 
Figure 1 . Average dry mutter yields of barley plants 
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HARVEST DATES 
Figure 1 . Average dry matter yield s of barley plant s 
ha rves ted at weekly intervals duri ng t h e 
spring of 1 971 . 
2 
On t he first comparable harvest date , yield at Location 2 
excee ued that at Location 1 by about 4 metr ic tons/ha. This 
difference increased to about 5 me tric tons/ha by the mature 
seed stage . Dry matter yie lds at the dough stage were 5.4 
a nd 12.4 metric tons/ha for Location 1 and Location 2 , re -
spectively . Polan (13) reported yields of 7 . 3 metric tons/ 
ha from barley p lants harveste d in the dough stage . 
Dry mat t er perce ntage for the plants at Location 1 wa s 
35.7 at the first harve st and decreased progressively for 
the three s ubsequent weekly harvests . The highe r dry matter 
percentage at the first harvest was believed to be due t o 
the presence of dried material resulting f rom winter kill 
of basal leave s of the bar~ey plants . As the plants b ega n 
to grow the production of succulent l ea f material resultp.d 
in a d e crease o f the dry matter percentage . Du ring the re -
mai nde r of the g r o",ing per iod , the dry ma tter percentage 
fluctuated from \-leek to Vleek perhaps as a result o f lVeather 
cond it ion s and samp l ing error. Th e dry matter perce ntage 
r e a ched a maximum of 62 . 0 at the mature seed stage . 
At Location 2 the dry matter percentage of plan ts i n-
creased progre ssively from 12 . 0 at t he firs t harvest date 
to 59 . 0 a t the matu r e seed stage . This general increase i n 
dry matter associated W! tll increased aae o f the pl ant s up-
ports other r e porte d work (6 , 12) . 
Chemica l Composition 
After the si lages had undergone fermentation for a min-
imum o f 120 days , the f ollowing che mic_al analyses were made . 
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All results are r eported on a dry weight basis. 
Cr.ude Protein--The crude protein content of silage from 
plants at Location 1 Has approximately 16 perc e nt at the 
first harvest date (Table 3 and Fig . 2) and decreased to 
about 13 . 0 perce nt by the third harvest. During the t hird 
week the prote in inc r e ased significantly reaching a maximum 
of 18 . 4 percent. The protein conte nt decreased progressively 
from 18.4 p e rce nt at the f ourth harves t to 7.0 percent at 
the last harvest . 
The crude protein conte nt o f silage from plants at Lo -
cation 2 (Table 4 and Fig. 2) was 18 percent at the f irst 
harvest (4- 22) and decreased rather consistently to approx-
imately 8 percent at t he ma t ure seed stage. Protein ccntent 
of silages made from plants in Location 2 was 4 to 6 pe rcent 
h i gher t ha n that of si lages made f rom p lants at Location 1 
until nea r the end o f th e growing season. The h ighe r pro-
t e in conte nt in silage made from p lan ts at Location 2 during 
th e ear l y growth period was believed to be d u e to the spring 
applications of nitrogen . Consider ing the dou gh stage , the 
crude protein percentag s 'vere 8 . 3 and 11 . 5 f or silages f rom 
Location 1 and Locatio n 2, respectively. Polan et al. (13 ) 
repoLted a crude protein ~ontent of 10.7 percent for silage 
from barley plant s in the douryh s tage. 
Cr.ude Fibe r- - The crude fiber c ontent (Tabl e 3 and Fig . 
3 ) of silages from plant material fr om Loc a tio n 1 d ecre ased 
slightly du ring t he first three sampling per i ods. This d e -
crease i s accredited to the fact that-dried ma terial 
Table 3. 
ProXimate 
--~L~C Content, and pH of barley Silages harvested at intervals '-'urln crrowin 
season at Location 1.* 
Caloric 
Harvest 
Crude 
Crude NFE 
Ether 
Dry 
Content 
dates 
protein % 
fiber % 
% 
extract % 
Ash % 
matter % 
l(cal/g PH 
3-11 
26. 1 b 
18.3 e 
31 . 7 9 2.3 a 
31.6 c 
33.0 
5.407 a 
5.0 
3-1 8 
15 . 6 b 
16.7 e 
30. 6 9 
2.0 a 
35.1 b 
29.0 
4.828 abc 
5.0 
3- 25 
13 . 2 c 
15.5 e 
30 .3 9 
1.6 cd 
39.4 a 
26.0 
4.829 abc 5 . 2 
4- 2 
18 . 4 a 
17.9 e 41.4 f 
2.1 a 
20.2 d 
26.0 
4 . 915 ab 4 . 6 
4- 8 
15.3 b 
18 . 7 e 
48 . 6 de 
1.6 bc 
15.0 e 
26.5 
4 .974 ab 
4 . 7 
4-15 
13 . 2 c 
24.7 d 47.8 de 
1.9 ab 
12 .4 f 
26 .5 
4.802 abc 4.7 
4-22 
11. 2 d 
33 .9 b 
44.4 ef 
1.2 e 
9.3 9 28.5 
4.372 d 
5.0 
4-29 
9.0 de 
33.0 b 
50.2 cd 
0.8 ef 
7.0 9 33.5 
4.378 d 
5.1 
5- 6 
8.S ef 
36 . 9 a 45.1 ef 
0.6 f 
8.6 9 
27. 0 
4.521 cd 5.2 
5-14 
8 .3 ef 
28.8 c 54.7 bc 
1.1 e 
7.1 9 26.5 
4.235 d 
4.9 
5-20 
7 . 3 ef 
28 . 4 c 55.3 b 
0.9 ef 
8.1 9 35.5 
4.635 bcd 4 .8 
5-27 
7.3 ef 
24.8 d 59 . 1 ab 
1.2 e 
7.6 9 35.5 
4.319 d 
4.9 
6- 3 
7.2 f 
23.2 d 
60 .9 a 
1 . 0 ef 
7.7 9 33.5 
4.283 d 
4.8 · .ithin a oo'",n the average. -hioh are fOllOWed by the .ame letter are not different at 
the 0.05 level of prObability. 
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Figure 2. Average crude protein of s ilages made from 
barley plants harvested at weekly intervals 
during t he spring of 1971. 
Table 4. Proximate analysis and pH of barley silage harvested at intervals during 
the spring growing season at Location 2 . * 
Harvest Crude Crude NFE Ether Dry 
dates protein % fiber % % extract % As h % ma tter % pH 
4 - 22 18.0 a 32 . 0 c 38.0 e 1 . 0 c 11.0 a 32 . 0 5 . 4 
4-29 12 . 4 b 35 . 8 a 42.3 d 1. 6 b 7 . 9 b 42.0 5 . 6 
5- 6 13.0 b 36.4 a 42.8 d 1.8 a 6 . 0 e 35.0 5 . 0 
5 - 14 9 . 4 d 34.3 b 49.5 b 0 . 7 d 6 . 1 e 4 0.0 5 . 1 
5 - 20 11.5 c 33 . 8 b 47.0 c 0 . 5 d 7.2 c 24 . 5 5 . 2 
5 - 27 7 . 9 f 23 . 2 d 61.1 a 0.5 d 7 .3 c 28 . 0 4.8 
6- 3 8 . 3 e 23 . 3 d 61. 2 a 0 .7 d 6.5 d 30.5 5.2 
*Within a column the a verages which are followed by the same l etter are not different 
at the 0 .05 leve l o f p robability. 
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Fi g ure 3 . Averag~ crude fibe r o f silages made fro m barley 
plants harve ste d at \~eekly in t e rvals during the spr ing of 1971. 
20 
reSulting from "'inter killing Contributed proPOrtionally less 
to the sam?l es as the plants began to grow . Beginning i n the 
third '·.'eek the crude f iber Content increased progressively 
until the Seeds began to form . Crude fiber Content of plants 
at both locat i ons decreased as development of seed i ncreased 
(Fig . 3). A similar effect was repOrted by Polan et al . (1 3 ) 
and eXplained as being due to the inc rease in the weight of 
hoOd, . "ho'd wOi,h, ioo'O"Od 'rom 'ho 'O,"" i oo " ,r'io, 
the percentage of crude fiber in th e "'hol
e 
plant decreased. 
21 
Nitrogen Free Extract-_The NFE level in si l age from 
p l ants at Location 1 remained at approximately 30 percent 
for the first three sampling periods then increased to abo u t 
60 percent at the mature seed stage (Table 3 and Fig . 4 ). 
The riFE of silage from Pl ants at Location 2 tended t o be 
lot-;e r than t ha t of p lants from Location 1 " t il the mature 
s eed s tage ".,hen th e hlo groups of p lan ts were e sSential ly 
e qual (Fig . 4). Po lan (I3) r e ported that t he NFE percent _ 
age i.ncre ased f rom 49.2 t o 55.1 bett'/een the bloom and dough 
s tages . Ed" /a rds et al. (6) reporte d that riFE pe rce ntage in-
creased from 49 . 0 to 69 . 2 bettveen the heading and mature 
s eed s tages . In the presen t study the NFE percentages were 
54.7 and 47.0 for Silage s of p lants i n th e dough stage i n 
LOca tion 1 and 2 , respect ive ly. 
Et her Ex t ract - -The ethe r extra c t percentage ranged from 
0.5 t o 2.3 (Tables 3 , 4 , and Fig . 5 ) . The e ther ex tract 
perce ntage tended to be higher in the earlie r growth stages 
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Figure 4. Average NFE o f s il age made from barley plants 
ha rvested a t weekly inte r va l s dU r ing the spring o f 1.9 71. 
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Figure 5. Ave rage ether extract of silage made from barley 
plants harveste d at weekly inte rvals during the 
spring o f 1971 . 
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and lowe r in the l a t er growth s tages. The e ther extract val-
ues compare favorab ly with those reporte d by Edwards , e t al . 
(6). They r eported e the r ex tra ct percentage s of 1.9 and 1.3 
f or ~hol e barley plants at the heading and mature seed stage , 
respecti ve l y. 
~--Average ash content was extremely high for silages 
from plants obtained at the f irst three harvests at Location 
1 (Table 3 and Fig. 6). This high minera l content was be -
lieved to be due to the presence of soil particles on the 
winter killed material . Fo llowing the third sampling period , 
the ash content o f the silages decreased progressively for 
5 weeks and f luctuated about the 7 .5 percent l eve l for the 
remainder of the season . Ash content was similar for ~ilages 
of plants from the t wo locations . Ash percentages varied 
from abcut 6 . 5 to 9 . 0 from the heading stage to the mature 
see d stage . Ed"/ard s e t al . (6) found a rang!? f ash pe r-
centages from 7.5 to 3.5 for these stage s . 
Caloric Conte nt --Determination of gross e nergy was made 
for s ilage f rom Locat ion 1. The caloric conte nt ranged from 
a high of 5 .0 kcal/g at the oeginning of the season to a low 
of a bou t 4.2 kcal / g near the e nd of the g rOWing season (Ta-
b l e 3 and Fig . 7) . The caloric conte nt >Ia s h ighe r dur l n.g 
the ve ge tal ive stage a nd was l owe r during t he later s t age s . 
Th is decrea se in caloric conte nt during t he l atter half of 
the growing pe riod ma y reflect the s light decrease in ether 
e xtra ct and th e ma r ked decrea se in crude protein. The 
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Figure 7 . Average calorie conte nt of silage made from 
barley plants harves t ed at weekly inte rval s 
at Location 1 during the spring of 1971 . 
estimate d calori c content of the barley compared favorably 
Hith the caloric content reporte d f or wheat and oats (5). 
pH--One of the characteristics needed by a silage crop 
is the capacity of the plant to SUpport fermentation Hhich 
r esults in the formation of o r ganic acids. In the present 
study pH value s ranged from 4 .1 to 5.2 at Location I and 4 . 8 
to 5.6 for Location 2. The pH values at the dough stage 
",ere 4.9 and 5 .2 for si lages from Location 1 and 2, respec-
tively . These values were considerably higher than the 3 . 9 
to 4 .0 reported by Edwards et al . (6) . 
Discussion of Results 
The s uitability of a crop for silage depends on i~s 
yield , nutritive va lue , and content of soluble carbohydra tes. 
It ha s hee n r e ported that corn best meets these criteria ; 
hOl'/eve r, it has been fo und that ",heat , oats , a nd ha rley mee t 
these standards r easonabl y .:ell. Res ul ts of the l'rcsent 
study s upport o t her s tudies i nd icating that barley is a 
suitab l e crop for si lage . In the present inve stigation the 
dry ma t te r yield o f barley when properly fertilized at Lo-
cation 2 reached a yield of 12 me tric tonS/ha. Polan (13) 
r e po rted yic ld s of 7.2 met r ic ton s a t t he dough stage . High 
quality f orages are charac t e r ized by high l eve l s .of crude 
protein and I()\'! leJels of crude fiher . I n the dough s tage 
at Loca tion 1 , c n:':" protein ave rag ed 8 . 2 percent a nd crude 
fiber 28.8 r e rce nt . At Locat ion 2 , plants at the dough 
s tage averaged 11.5 pcrcl!nt crude prote in and 33 .8 percent 
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crude fiber. Oats in the dough stage have been reported to 
contain 10 . 8 to 12.1 percen t protein and 25.8 to 30 . 9 per -
cent crude fiber (8) . I~heat silage has been fo und to con-
tain 7.8 percent crude protein and 32 . 2 percent crude fiber 
(11) • 
Fresh plant material must contain enough moisture and 
water soluble carbohydrates (WSC) to permit adequate lactic 
a cid fermentation . ~lac Gregor and Ed~lards (9) reported that 
from the bulky headed to the mature seed stage barley con-
tained enough I'iSC to support lact ic acid fermenta.tion. Ac-
cording to Polan (12), barley s hould not be harves t ed later 
t han the dough stage of maturity. Silage dry matter intake 
was greatest at the dough stage while digestibility of the 
d r y matter was greatest at the bloom a nd milk stages . Al -
though the pre sent study did not include i n vitro or in vivo 
digestibility trials , the yield and chemica l , ompcsition 
r esult s support the recommendat ion that the d ough stage of 
maturi ty resul ts in the bes t silage . The yields were high 
and the dry matter content was favorable for direct harvest -
i ng methods . In stages earlier than the dough stage the 
silage \·:ill probably have to be "Jilt ed . If barley is ensiled 
at a stagc la te r than t he dough, th e digestibility is Im.,ered . 
The prescnt study mus t be regarde d as a prelimina ry 
inves tigation . l'u t ur e 'dork s hould i nclude anima l produc -
tion and digest ion tri a l s . The prese nt r esu lts i nd icate 
that barley hat; po tential as a silage c rop. 
Silos are usually fi lled with corn silage in th e fa ll 
a nd the Silage is fed duri ng the win teE months . The silo is 
28 
usually empty during the summer months. These silos could 
be filled with barley forage during the spring and the re-
sulting silage u sed during the ~ummer months . 
Although the results of the present study support the 
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reported results , some alterations should be made in future 
studies of this type . At each sampling date a minimum of 
two l - square meter plots were harveste d . The two plots 
were randomly locate d in a one-half hectare area. Consid-
erable uncontrolled variability was found between replica-
tion and among sampling periods. More precise estimates 
could likely be obtained by using smaller more homogeneouS 
experi~ental plots and by increas ing the number of replica-
tions . 
CHAPTER V 
SUMMARY 
The potential of barl ey as a silage crop was investi-
gated in two studies conducted in 1971. The dry matter 
yields of "hole barley plants "Iere determined at ~/eekly in-
t ervals during the spring growing season. The silage from 
the weekly harvest dates were analyzed for dry matter , crude 
protein , ether extract , NFE , ash, pll, and caloric content. 
Based upon the results for dry matter yielns, chemical com-
position and dry matter percentage, the dough stage of matu-
rity "as found to be the most desirable for ensiling barley 
plants. Dry matter yields at this stage were 5 . 4 metr i 
tons per ha for Location 1 and 12.4 metric tons per ha f o r 
Loca tion 2 . Ury matter percentages "'e re 32 . 5 f or plants from 
Location 1 a nd 33 . 0 for p lants from Location 2 . At this 
stage tl e crude protein percentages "Jere 8.3 and 11 . 5, crude 
f iber percentages He re 28 .8 and 33 . 8 , NFE perce ntages were 
54.7 and 47.0 , e th o r extract percenta~es Were 1 . 1 and 0 .5, 
and ash pe rce n t a ges \Ve r e 7.1 and 7 . 2 For LOcations 1 and 2, 
res pecti'Jc l y . 
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